Abstract
Understanding the mechanisms of gating and ion permeation in biological channels and receptors has been a long-standing challenge in biophysics. Recent advances in structural biology have revealed the architecture of a number of transmembrane channels and allowed molecular-level insight into these systems.
Herein, we have examined the barriers to ion conductance and origins of ion selectivity in models of the cationic human alpha7 nicotinic acetylcholine receptor (nAChR) and the anionic alpha 1 glycine receptor (GlyR) from molecular dynamics simulations.
Adaptive biasing force simulations allowed us to reconstruct potentials of mean force (PMFs) for chloride and sodium ions in the two receptors. For the nicotinic receptor we observed barriers to ion translocation associated with rings of hydrophobic residues -Val13' and Leu9' -in the middle of the transmembrane domain. This finding further substantiates the hydrophobic gating hypothesis for nAChR. The PMF revealed no significant hydrophobic barrier for chloride translocation in GlyR.
For both receptors non-permeant ions displayed considerable barriers. Thus, the overall electrostatics and the presence of rings of charged residues at the entrance and exit of the channels were sufficient to explain the experimentally observed anion and cation selectivity.
¤ Molecular dynamics simulations were used to determine water density profiles along the channel length and established that both receptor pores were fully hydrated.
¤ The very low water density in the middle of the nAChR pore indicated the existence of a hydrophobic constriction.
¤ Adaptive biasing force simulations allowed us to reconstruct potentials of mean force (PMFs) for chloride and sodium ions in the two receptors ¤ For the nicotinic receptor we observed barriers to ion translocation associated with rings of hydrophobic residues -Val13' and Leu9' -in the middle of the transmembrane domain.
¤ The PMF revealed no significant hydrophobic barrier for chloride translocation in GlyR.
¤ Non-permeant ions displayed considerable barriers. Thus, the overall electrostatics and the presence of rings of charged residues at the entrance and exit of the channels were sufficient to explain the experimentally observed anion and cation selectivity Electrostatic potential (ESP) profiles along the channel pore from APBS calculations for a) nAChR and b) GlyR. The positive potential is shown in blue; the negative potential -in red.
¤ Reaction coordinate Z-coord along the pore axis ¤ Window size 5 Å ¤ Bin size 0.1 Å; smoothing over 0.2 Å ¤ 800 samples per bin before AB is applied Density profiles along the lipid bilayer normal for lipid tail carbon (dark blue), lipid head group nitrogen (light blue), phosphorus (dark cyan) and ester oxygen atoms (green) as well as water oxygen atoms (red) for a) nAChR and b) GlyR; c) Amplified version of the density profiles for water oxygen atoms in GlyR (cyan) and nAChR (red). Average pore radius profiles along the channel axis are shown by a dashed line (purple) The scale for the pore radius in not shown. a) Structure of a 7 nAChR with the five subunits highlighted in different colors; chloride ions are shown in green, sodium ions -in yellow, the head group region of the lipid bilayer -in dark blue; b) Structure of a single subunit of nAChR ; the pore-lining M2 helix is highlighted in red; the yellow arrows indicate the direction of the motion along the putative allosteric pathway from the tip of the C-loop (close to the ligand-binding site) to the hydrophobic gate at the center of the M2 helix.
Homology models of the M2 helix bundle of a) the human a 7 nAChR and b) the a 1 GlyR. The sequence alignment of the M2 residues of a 7 nAChR, a 1 GlyR and nAChR from Torpedo marmorata. 
